Observers were cued to attend to two discs from an array and made a discrimination of a target presented within one of the discs. In Experiments 1 and 2, the relative attentional salience of the two attended items was manipulated via the cues (size changes in Experiment 1; size and color changes in Experiment 2). In Experiment 3, the relative salience was manipulated via the luminance contrast of the items themselves. In Experiment 4, relative attentional salience was controlled through a probability manipulation. In all experiments, target performance improved with the relative salience of the target, as well as with increased spatial separation between the two items. This localized interference between cued items varied with visual field. Results are discussed in the context of competition-based models of attentional selection.
Introduction
One of the proposed functions of visual attention is to select, from the myriad of objects in the visual array, the object(s) that are of current importance. The need for such selection or filtering is presumed to arise because, in a visually rich environment, the human visual system lacks the capacity to fully process and/or represent all of the available information. Desimone and Duncan's (1995) (see also Desimone, 1998; Duncan, 1998 ) Ôbiased competition' model of attentional selection proposes that objects compete with one another for representation within the visual system. Specifically, objects compete to be represented by neurons within various cortical areas, with the winning object eventually enjoying control of perceptual and motor systems. According to this type of model, attentional selection allows for the enhanced processing and representation of the selected objects, but at the representational expense of other objects in the visual environment.
The need for such competition among objects lies in the architecture of the primate visual system (see Kastner & Ungerleider, 2000 for a review). As one moves to increasingly higher levels of the ventral pathway, for example, the receptive fields of neurons grow progressively larger (Desimone & Gross, 1979; Gattass, Gross, & Sandell, 1981; Gattass, Sousa, & Gross, 1988; . As a result, in visually cluttered environments, it is likely that multiple objects will fall within the receptive fields of neurons in higher visual areas. As Desimone and Duncan (1995) and Luck, Girelli, McDermott, and Ford (1997) point out, this can lead to representational problems for the visual system, with feature selective neurons coding or representing the pooled properties of multiple objects. The biased competition model proposes that this problem is resolved via a competition among the objects for neural representation, with the ''winning'' object enjoying control over the response properties of those neurons. Many neurophysiological studies have uncovered attentional effects within visual processing centers such as V2, V4 and IT cortex in the Macaque, with the focus of attention modulating the response rates of individual neurons (e.g., Chelazzi, Miller, Duncan, & Desimone, 1993; Luck, Chelazzi, Hillyard, & Desimone, 1997; Moran & Desimone, 1985; Motter, 1993) . Reynolds, Chelazzi, and Desimone (1999) presented evidence suggesting that stimuli are indeed competing for the control of neural responses in areas V2 and V4. For example, when multiple stimuli were presented into the receptive fields of V4 neurons, and attention was directed to one stimulus or the other, the response rate of the neuron was drawn toward the response rate associated with the attended stimulus. That is, if the attended stimulus was one that would normally evoke a low response rate when presented alone to that neuron's receptive field, the response rate assumed lower levels--even if a normally effective stimulus was concurrently present in that neuron's receptive field. The opposite occurred when attention was directed to the effective stimulus in the pair. In addition to the evidence from single cell recordings in monkeys, recent neuroimaging (e.g., Kastner, De Weerd, Desimone, & Ungerleider, 1998; , electrophysiological (Slotnick, Hopfinger, Klein, & Sutter, 2002) and radioactive labeling studies (e.g., Vanduffel, Tootell, & Orban, 2000) also offer support for an attentional selection mechanism along the lines of the biased competition model of attentional selection. Desimone (1998) suggests in a given visual area, competition between two objects will be greatest when they share common receptive fields. This suggests that in visual areas in which neurons have restricted receptive fields, the degree of competition between objects will be spatially dependent. Indeed, fMRI data suggest that sensory suppression (believed to index competition) scales with receptive field sizes in various extrastriate areas .
This type of a spatial component to competition for representation has also been proposed by Tsotsos and colleagues (Cutzu & Tsotsos, 2003; Tsotsos, 1990; Tsotsos et al., 1995) , in their selective tuning model of attentional selection. According to this model (which employs a pyramid architecture based on the primate visual system, with receptive field sized increasing at progressively higher levels of the pyramid), objects compete for control of localized receptive fields at a given layer. The competition is rooted in the salience of the items, which may be biased by behavioral goals. Winners at a given layer then compete against one another for control of progressively larger receptive field units at subsequent layers. Once an object is selected at the top layer, the representation of the object is refined by inhibiting inputs from objects within the same receptive field as the Ôwinner' at the lower levels. As the receptive fields at each layer are spatially restricted, this results in an Ôinhibitory beam' which forms a suppressive annulus around the selected object. Object representations that might compete with the selected object are suppressed. Other recent models of attentional selection reflect or contain mechanisms which would produce such local competitions as well (e.g., Bahcall & Kowler, 1999; Cave, 2001; Raizada & Grossberg, 2003) .
As Tsotsos' selective tuning model illustrates, one of the interesting aspects of these competition-based models of attentional selection is that they predict localized, attentionally mediated interference among spatially proximal objects. Evidence for such localized attentional interference has been observed using a variety of psychophysical tasks and paradigms, including same-different (Cutzu & Tsotsos, 2003; McCarley, Mounts, & Kramer, in press ), attentional blink (Kristj ansson & Nakayama, 2002) , probe detection (Cave & Zimmerman, 1997) , two target identification (Bahcall & Kowler, 1999; Mounts, 2000b) , as well as single target identifications with attentionally salient distractors (Caputo & Guerra, 1998; Efron & Yund, 1999; Mounts, 2000a Mounts, , 2000b Turatto & Galfano, 2001 ). In all of these studies, performance level was dependent on the separation between the two targets (or between the target and the attentionally salient distractor in certain paradigms). Specifically, performance was worse at small separations, and improved with increased separation between the items, as would be predicted if objects were competing for control of visually selective neurons with spatially restricted receptive fields.
The above behavioral studies imply that the human visual system lacks the ability to fully represent two objects, more so when they are in close spatial proximity to one another, suggesting a limit in neural processing capacity, at least for a given region of space. This predicts that if this neural processing capacity were reduced further, as might occur with a loss of overall volume of neural tissue in the ventral extrastriate regions with aging (Jernigan et al., 2001; Raz, 2000) , then we might expect to observe even larger attentional interference effects. McCarley et al. (in press) found precisely this, as localized attentional interference was accentuated in older observers compared to younger observers in a same-different task.
All of these studies offer support for the notion of localized competition, with spatially proximal visual objects competing for representation within the visual system. In the biased competition and similar models, the competition is rooted in salience, with bottom-up stimulus salience (e.g., feature contrast, intensity) and top-down control and attentional settings (e.g., behavioral goals) influencing an object's overall salience. For example, as Kastner and Ungerleider (2000) point out, an object possessing a unique feature value in a display (e.g., a line with an orientation distinct from its neighbors) will have relatively high stimulus salience in comparison to other objects in a scene. This increased salience puts this object at a competitive advantage relative to its neighbors, increasing the likelihood that it will win the competition among objects and will hence ''pop-out'' and be selected (e.g., Nothdurft, 1991) . Likewise, top-down influences can give a competitive advantage to items possessing a specific feature. For example, Motter and Holsapple (2000) found evidence for such top-down attentional effects in monkeys performing an active visual search task. They found that the probability of target detection was dependent on the local density of distractors sharing the target's color. Specifically, they found that monkeys could reduce the effective search set to items possessing the target's color, and that once scaled for cortical magnification, the probability of target detection was a function of the local density of relevant stimuli. Research by Cave and colleagues (Cepeda, Cave, Bichot, & Kim, 1998; Kim & Cave, 1995) suggests that this may occur through the inhibition of distractors not possessing target defining features.
While research has examined how stimulus salience (e.g., Nothdurft, 1993a Nothdurft, , 1993b and attentional salience (e.g., Motter & Holsapple, 2000) influence attentional phenomena such as search performance, there has been little or no research examining the impact of salience on the localized attentional competition process currently under examination. Previous work does suggest a link between salience and competition, however. Mounts (2000a) found that a color singleton interfered with a neighboring target only when the color singleton was rendered attentionally salient. Observers searched for and identified a target letter in the presence of a color singleton, while across experiments, the attentional salience of the color singleton was varied with an attentional set manipulation. When the target itself was a form singleton, observers could adopt a singleton search strategy (Bacon & Egeth, 1994) , making the color singleton attentionally salient. When the target was embedded in a heterogeneous display of letters, observers had to adopt a feature search, which reduced the attentional salience of the color singleton. Target discriminations were slowed near the color singleton in the former, but not the latter condition.
Overview
The current study examined the impact of relative salience on localized attentional interference. We used a divided attention task in which observers were cued to attend to two possible target discs from among an array of distractor discs. Following these cues, characters were presented in all of the discs, with a predefined target character (a T) appearing within one of the cued discs, and a distractor character (an L) appearing within the other cued disc (the attended distractor). Observers made an orientation discrimination on the target character. This task allowed us to independently manipulate the salience of the target and attended distractor, and to examine the impact of their respective salience on localized attentional interference. In Experiments 1 and 2 we manipulated the target and attended distractor's attentional salience by manipulating the salience of the cue (size and/or color changes) used to signal the potential target locations. In Experiment 3, we manipulated the salience of the target and distractor directly by altering their luminance contrast. In Experiment 4, we used a task-level manipulation (i.e., a probability manipulation) to influence the relative attentional salience of the objects. To preview, target discrimination performance diminished with decreased separation between the target and attended distractor discs in all four experiments. In Experiments 1-3, the magnitude of this localized attentional interference decreased as the salience of the target increased (relative to the attended distractor). The dependence of localized attentional inhibition on relative salience occurred when the attentional cues were from the same (Experiment 1) as well as different dimensions (Experiment 2). This also occurred in Experiment 3, where the salience of the cued items was manipulated directly via their relative luminance contrast. In Experiment 4, in which the timing of the cues and the targets were such to force attentional selection into the volitional realm and salience was influenced through a probability manipulation, localized attentional interference obtained, but the effects of relative salience were not separation dependant as they were in the first three experiments.
Experiment 1
If localized attentional interference does reflect a salience-based competition among objects within the visual system, then we would predict that this interference should be sensitive to the relative attentional salience of two objects competing for attentional selection. We tested this by manipulating the relative salience of the cues (size changes) used to signal the location of the target and ''attended distractor'' objects, with the assumption that a more salient cue would bestow greater attentional salience upon the item subsequently appearing at that location.
The initial stimulus display consisted of 16 discs arrayed along an imaginary circle. Observers were cued to monitor two of the discs for the appearance of a predefined target character, which required an orientation discrimination. We term the cued object that eventually contained the target character as the target object, while the other cued object is termed the attended distractor. The target and attended distractor objects were cued by size changes, with the attentional salience of each object defined as the magnitude of the size change. For each object, the attentional salience could be either high (18% change in diameter) or small (9% change in diameter). We factorially combined the two target saliences with the two attended distractor saliences across five different spatial separations between the two items. A competition-based account of localized attentional interference would predict that the localized attentional interference between the two cued items should be modulated by the relative attentional salience of the two items.
Method

Observers
Six observers participated in the experiment (the two authors along with four na€ ıve observers). The four na€ ıve observers had no prior experience in psychophysical experiments, and were paid $40 for their participation. All observers had normal or corrected to normal vision.
Apparatus and stimuli
Stimuli were presented on a 17 in. monitor at a resolution of 1024 · 768 pixels with a frame rate of 75 Hz. Observers were seated 57 cm from the display, with head stabilization aided through the use of a chin and forehead rest. Responses and trial initiation were input via the keyboard number pad. All sessions were conducted in a darkened booth.
Stimulus displays consisted of a concentric ring of 16 discs centered around a fixation cross. Observers were instructed to fixate on the cross prior to the initiation of the trial, and to maintain fixation throughout the stimulus presentation. The 16 discs were equally spaced along an imaginary circle with a radius of 5.5°, and each disc subtended 1.6°. Discs were gray (x ¼ 0:27, y ¼ 0:30, Y ¼ 8:41 cd/m 2 ) and were presented against a black background (0.30 cd/m 2 ). Each disc represented a possible target location in the display. On each trial, after a delay of 700 ms, two of the discs were cued by increasing the size of the disc. The separation between the two cued objects was varied between trials, with the possible directional angle separating the two cued objects being: 22.5°, 45°, 67.5°, 112.5°, or 180°. Eighty milliseconds after the size change, white characters (x ¼ 0:27, y ¼ 0:30, Y ¼ 28:41 cd/m 2 ) were superimposed over each of the discs. The characters were capital Ts and Ls, and were randomly rotated to one of four orientations (0°, 90°, 180°, 270°) relative to their canonical orientation, and each character subtended 0.9°. On each trial, a T was always superimposed onto one of the cued discs (the target), while an L was superimposed onto the other (the attended distractor). Prior to the presentation of the characters, there was no information allowing the observers to ascertain which of the two cued objects would contain the target character. The observers task was to make a discrimination regarding the orientation of the T (90°vs. 270°) presented in the target disc. The other 14 discs contained an equal number of Ts and Ls, each randomly oriented at 0°, 90°, 180°, or 270°. This imperative display was followed by a pattern mask, consisting of randomly arrayed and oriented Ts and Ls. The SOA between the target and mask frames was adjusted individually for each subject to obtain an accuracy rate between 80% and 85%. Target exposure durations ranged from 146 to 200 ms. Fig. 1 depicts the sequence of frames on each trial, and their duration.
Conditions and procedure
The salience of both the target and attended distractor cues were manipulated by altering the magnitude of the size change each disc underwent before the target appeared. A large size change consisted of a 18% increase in the disc's diameter, while a small size change consisted of a 9% increase in the disc's diameter. The two possible attentional saliences of the target (small vs. large change) were factorially combined with the two possible attentional saliences of the distractor (small vs. large change) and the five possible separations between these items. Thus, a trial might contain a low attentional salience (small change) target and a high attentional salience (large change) attended distractor (SL condition), a high attentional salience target and a low attentional salience attended distractor (LS condition), or a target and distractor with the same attentional salience (SS and LL conditions). presented to all of the discs, including the target in one of the two cued discs. The target display was followed by a mask. The duration of the target display was adjusted for each observer to obtain overall performance in the 80-85% range.
The two possible target values were presented equally often at each of the 16 possible locations, and the relative location of the attended distractor (clockwise or counterclockwise from the target) was counterbalanced across trial types. Observers completed one practice session during which the target display's duration was adjusted to obtain an overall accuracy rate between 80% and 85%. Observers then completed four experimental sessions, each containing 24 practice followed by 1152 experimental trials. Trials were self-paced, with built-in breaks every 64 trials. The practice session lasted approximately 45 min, and each experimental session lasted approximately 80 min. Fig. 2 illustrates the average percent correct for the six observers as a function of target-distractor separation, for each of the four combinations of target-distractor attentional saliences. An analysis of variance (ANOVA) with the within-subject factors of distractortarget separation (five levels), target salience (small vs. large), and distractor salience (small vs. large) was performed on the accuracy data. The ANOVA revealed a reliable main effects target salience, F ð1; 5Þ ¼ 11:03, P < 0:05; distractor salience, F ð1; 5Þ ¼ 10:82, P < 0:05; and target-distractor separation, F ð4; 20Þ ¼ 48:48, P < 0:001. The two-way interaction between target and distractor salience failed to reach significance, F ð1; 5Þ < 1. The two-way interaction between target salience and separation was reliable, F ð4; 20Þ ¼ 10:26, P < 0:001, as was the two-way interaction between distractor salience and separation, F ð4; 20Þ ¼ 7:93, P < 0:001. The three-way interaction between target salience, distractor salience, and separation was not statistically reliable, F ð4; 20Þ ¼ 1:27, N.S.
Results and discussion
In order to assess whether performance improved with separation between the target and distractor for each of the target-distractor salience pairings, linear contrasts were performed for the SS, SL, LS, and LL conditions. The linear contrasts were reliable for all four conditions, SS: F ð1; 5Þ ¼ 46:55; p < 0:001, SL: F ð1; 5Þ ¼ 59:51; p < 0:001, LS: F ð1; 5Þ ¼ 13:39; p < 0:05, and LL: F ð1; 5Þ ¼ 137:43; p < 0:001, and indicate that a decrease in separation produced an increase in interference for all conditions.
The results from Experiment 1 are consistent with a salience-based competition explanation for localized attentional interference. Across all conditions, target discriminations suffered when the two cued items were spatially proximal, with performance improving with increased separation. Performance was also sensitive to both the attentional salience of the target, as well as the attended distractor--performance improved with increases to the target's attentional salience, and with decreases to the attended distractor's attentional salience. Moreover, these effects were more pronounced at the smaller spatial separations.
Experiment 2
We proposed that the results in Experiment 1 were due to a salience-based competition between the cued objects. In this case, attentional salience was manipulated by changing the salience of the cues used to signal the potential target locations. Many models of attention assume that a dimension-independent measure of salience is computed across objects or locations in the visual array (e.g., Cave, 2001; Cave & Wolfe, 1990; Koch & Ulman, 1985) , consistent with empirical findings of cross-dimension saliency effects (e.g., Nothdurft, 1993a Nothdurft, , 2000 . Therefore, if the competition giving rise to the localized interference is rooted in such a general salience, then we should see (1) interference between two objects cued by different dimensions, and (2) modulation of this interference by the relative salience of these cues. In Experiment 2, one of the to-be-attended discs was cued by a size change, while the other was cued by a change in the disc's color. The attentional salience of the color cue was manipulated by using larger or smaller changes in color. This also allowed us to replicate the effect of attentional salience in a dimension other than size.
3.1. Method
Observers
Six observers participated in the experiment (the two authors along with four na€ ıve observers). The four na€ ıve observers had no prior experience in psychophysical experiments, and were paid $40 for their participation. All observers had normal or corrected to normal vision, and normal color vision as tested by Ishihara color plates.
Apparatus and stimuli
The apparatus was identical to that used in Experiment 1. The stimulus displays were similar as well, the only deviation being in the cues used to signal the to-beattended discs. One of these discs underwent a size change as in Experiment 1 (18% increase in diameter). The other cued disc underwent a either a small 2 ), which was shared with the other discs in the display. The size and color changes occurred simultaneously, as in Experiment 1.
Conditions and procedure
On half of the trials, the target appeared within the size change disc. When the target was in the size change disc, the attended distractor could either undergo a small color change (SCs condition), or a large color change (SCl condition). On the other half of the trials, the target appeared inside of either a large color change disc (ClS condition) or a small color change disc (CsS), with the size change disc acting as the attended distractor. Target exposure durations ranged from 160 to 213 ms. All other aspects of the procedure followed those of Experiment 1.
Results and discussion
Panel A of Fig. 3 shows performance for the two color target conditions (the CsS and ClS conditions), while panel B of Fig. 3 shows performance for the two size target conditions (SCs and SCl conditions). Separate 2 · 5 ANOVAs were performed on color target conditions and the size target conditions, each with the within-subject factors of color salience (small or large change) and distractor-target separation.
For the color target conditions, a main effect of target attentional salience was observed, F ð1; 5Þ ¼ 530:24, P < 0:001, as was a main effect of separation, F ð4; 20Þ ¼ 10:92, P < 0:001. The interaction between target attentional salience and separation approached but did not reach statistical significance, F ð4; 20Þ ¼ 2:37, P ¼ 0:09. Individual linear contrasts were reliable for both the small color change (CsS), F ð1; 5Þ ¼ 39:80, P < 0:001, and large color change (ClS), F ð1; 5Þ ¼ 6:84, P < 0:05, conditions.
For the size change targets, we observed main effects of distractor attentional salience, F ð1; 5Þ ¼ 25:05, P < 0:005, and target-distractor separation, F ð4; 20Þ ¼ 27:02, P < 0:001. The interaction between these two factors was statistically significant, F ð4; 20Þ ¼ 3:48, P < 0:05. Linear contrasts revealed reliable linear trends in both the SCs, F ð1; 5Þ ¼ 7:18, P < 0:05, and SCl conditions, F ð1; 5Þ ¼ 93:04, P < 0:001.
Experiment 2 found that the amount of localized attentional interference was dependent on the relative attentional salience of the targets and attended distractors. The results of Experiment 2 are again consistent with a salience-based competition underlying localized attentional interference. Moreover, these results suggest that this competition is rooted in a general salience, derived from multiple feature spaces (e.g., Nothdurft, 1993a Nothdurft, , 2000 . In terms of the competition between the items, it does not seem to matter whether the attentional Condition CsS corresponds to a small color change target and a size distractor, and condition ClS corresponds to a large color change target and a size distractor. Panel B shows performance for trials in which the target appeared at a location cued by a size change. Condition SCs corresponds to a size change target and a small color change distractor, and condition SCl corresponds to a size change target and a large color change distractor. Error bars represent ± one standard error.
salience of an item was the result of a size or a color change.
Experiment 3
In Experiments 1 and 2, we manipulated the relative salience of the cues used to signal the target and attended distractor locations. Presumably, these manipulations affected the attentional salience of the target and attended distractor items, which were equivalent to one another in all respects (e.g., luminance contrast and size) other than their identity (T vs. L). Thus, the items with higher attentional salience, derived from the salience of their cues, enjoyed a competitive advantage in terms of representation. The competition among items for representation can also be based on the salience of the items themselves, for example through feature or luminance contrast (e.g., Desimone, 1998) . The current experiment examined this by manipulating the salience of the target and attended distractor directly, through their luminance contrast. In order to accomplish this, we factorially combined bright and dim targets with bright and dim distractors. If stimulus driven salience affects competition for representation in the same way as attentional salience, then we would expect to replicate the results of Experiments 1 and 2, with relative increases in distractor salience leading to increased localized interference.
Method
Observers
Six observers participated in the experiment (the first author along with five na€ ıve observers). The five na€ ıve observers had no prior experience in psychophysical experiments, and were paid $40 for their participation. All observers had normal or corrected to normal vision.
Apparatus and stimuli
The apparatus was identical to that used in the first two experiments. As in the first two experiments, stimulus displays consisted of a concentric ring of 16 discs centered around a fixation cross. The spacing, size, and luminance of the discs were identical to those used in the first two experiments. Observers were again instructed to fixate on the cross prior to the initiation of the trial, and to maintain fixation throughout the stimulus presentation.
The sequence of trial events was identical to those of Experiment 1, with the exception of the following changes. On each trial, after a delay of 700 ms, two of the discs were cued by increasing the size of the disc. The size increase of the two discs was identical (18% increase in diameter). Eighty milliseconds after the size change, characters were superimposed over each of the discs.
The characters were capital Ts and Ls, and were randomly rotated to one of four orientations (0°, 90°, 180°, 270°) relative to their canonical orientation, and each character subtended 0.9°. Half of the characters possessed a high luminance value (28.41 cd/m 2 ), while the other half of the characters possessed a low luminance value (15.17 cd/m 2 ). As shown in Fig. 4 , the luminance of the characters alternated in pairs, such that every character was flanked by a high luminance character on one side and a low luminance character on the other.
The separation between the two cued objects was varied between trials, with the possible directional angle separating the two cued objects being: 22.5°, 67.5°, 112.5°, or 157.5°. As in the previous experiments, on each trial, a T was always superimposed onto one of the cued discs (the target), while an L was superimposed onto the other (the attended distractor). The stimulus display in conjunction with the separations used allowed for the pairing of a high or low luminance target at each location with a high or luminance attended distractor at each of the separations, while flanking context was held constant (i.e., every item was flanked by one high and one low luminance item). For example, in sample stimulus display shown in Fig. 4 , if the target was the top item just to the left of the vertical meridian, an attended distractor located one step clockwise would be of high luminance, while an attended distractor located one step counterclockwise would be low luminance. Likewise, steps of 3 (67.5°), 5 (112.5°), and 7 (157.5°) in the two directions would yield one potential attended distractor location of high luminance, and another of low luminance. Thus, we could pair a target of either luminance with an attended distractor of either luminance at any of the separations, while equating the luminance values of the distractors immediately flanking the target.
Conditions and procedure
The salience of both the target and attended distractor discs were manipulated by altering their luminance contrast. The two possible saliences of the target were factorially combined with the two possible saliences of the distractor and the four possible separations between these items. Thus, as in Experiment 1, we could have a low salience target and a high salience attended distractor (LH condition), a high salience target and a low salience attended distractor (HL condition), or a target and distractor with the same attentional salience (LL and HH conditions).
As in the first two experiments, the two possible target values were presented equally often at each of the 16 possible locations, and the relative location of the attended distractor (clockwise or counterclockwise from the target) was counterbalanced across trial types. The pretesting session was equivalent that used in the first two experiments. During the four experimental sessions, observers completed 24 practice followed by 1024 experimental trials, divided into 16 blocks of 64 trials. The practice session lasted approximately 45 min, and each experimental session lasted approximately 70 min.
Results and discussion
Fig . 5 illustrates the average percent correct for the six observers as a function of target-distractor separation, for each of the four combinations of target-distractor saliences. An ANOVA with the within-subject factors of distractor-target separation (four levels), target salience (dim vs. bright), and distractor salience (dim vs. bright) was performed on the data. The ANOVA revealed a reliable main effects target salience, F ð1; 5Þ ¼ 25:07, P < 0:005; distractor salience, F ð1; 5Þ ¼ 15:94, P < 0:01; and target-distractor separation, F ð3; 15Þ ¼ 30:83, P < 0:001. The two-way interaction between target and distractor salience failed to reach significance, F ð1; 5Þ < 1. The two-way interaction between target salience and separation was not statistically reliable, F ð3; 15Þ ¼ 2:22, N.S., while the two-way interaction between distractor salience and separation was marginally significant, F ð3; 15Þ ¼ 3:07, P ¼ 0:06. The three-way interaction between target salience, distractor salience, and separation was not statistically reliable, F ð3; 15Þ ¼ 1:16, N.S.
Linear contrasts were performed for the LL, LH, HL, and HH conditions. The linear contrasts were reliable for all four conditions, LL: F ð1; 5Þ ¼ 183:45; p < 0:001, LH: F ð1; 5Þ ¼ 27:93; p < 0:005, HL: F ð1; 5Þ ¼ 9:39; p < 0:05, and HH: F ð1; 5Þ ¼ 155:24; p < 0:001, and indicate that a decrease in separation produced an increase in interference for all conditions.
The results from Experiment 3 are again consistent with a salience-based competition explanation for localized attentional interference. Across all conditions, target discriminations suffered when the two cued items were spatially proximal, with performance improving with increased separation. Performance was also sensitive to both the luminance contrast of the target, as well as the attended distractor--performance improved with increases to the target's luminance, and with decreases to the attended distractor's luminance. Finally, the interaction between distractor salience and separation approached significance, suggesting that the effect of relative salience was dependent on the separation between the target and attended distractor, as in the first two experiments.
Experiment 4
We have been arguing that the diminished performance observed when the two cued items are near one another represents an attentional phenomenon, with the cued objects competing for attentional selection and an enhanced representation within the visual system. Specifically, this competition is thought to be rooted in the salience of the items. In Experiments 1 and 2, we controlled the salience of the target and attended distractor through stimulus manipulations to the cue, which presumably led to higher attentional salience for items appearing at more salient cue locations. In Experiment 3, we manipulated the salience of the items directly, by altering their luminance contrast. Models such as the biased competition model (e.g., Desimone & Duncan, 1995) predict that we should also be able to manipulate the relative salience of the items using endogenously directed attention as well, in the absence of any stimulus differences between the target and attended distractor.
In their two target identification task, Bahcall and Kowler (1999) found interference between their two targets even when the cues defining the targets were removed 500 ms prior to the imperative display. In Experiment 4, we took the same tack by removing any stimulus differences between any of the items in the display prior to the imperative display. In addition, we manipulated the relative attentional salience of the items using a strategic cue (i.e., a probability manipulation) as opposed to the stimulus-based cues used in the previous two experiments.
5.1. Method 5.1.1. Observers Six observers participated in the experiment (the first author along with five na€ ıve observers). Three of the five na€ ıve observers had no prior experience in psychophysical experiments. All were paid $40 for their participation. All observers had normal or corrected to normal vision, and normal color vision as tested by Ishihara color plates.
Apparatus and stimuli
The apparatus was identical to that used in Experiment 1. The displays were similar as well, with the exception that the cues used to signal the two potential target locations were presented and then removed prior to the presentation of the target display. Specifically, an array of 16 gray discs (identical to those of the previous experiments) were initially presented. After a delay of 500 ms, two of the discs increased then decreased in size (18% increase in diameter) twice, with each size alternation lasting 400 ms. After a delay of 600 ms, the target displays were presented and masked, as in the first two experiments. One of the cued discs also turned pink (x ¼ 0:32, y ¼ 0:30, Y ¼ 8:33 cd/m 2 ) as its size increased. The target was presented at this location on 75% of the trials, and at the other cued location on the remaining 25%. Subjects were informed of this contingency, and were encouraged to use it to aid performance.
Conditions and procedure
Observers completed one practice session during which the target display's duration was adjusted to obtain an overall accuracy rate between 80% and 85%. Observers then completed one experimental session, containing 24 practice followed by 864 experimental trials. On 648 of those trials, the target appeared at the location cued by the colored disc. Eye positions were monitored and recorded using a ViewPoint Eye Tracking system (Arrington Research), and trials were rejected if the observer's eye position deviated more than 2°from fixation (less than 6% of all trials). All other aspects of the design followed that of the first two experiments.
Results and discussion
The results of Experiment 4 are depicted in Fig. 6 . A 2 · 5 ANOVA was performed on the data, with the within-subject factors of probability (high vs. low) and target-distractor separation. The main effect of probability was statistically reliable, F ð1; 5Þ ¼ 7:74, P < 0:05, as was the main effect of separation, F ð4; 20Þ ¼ 21:81, P < 0:001. The interaction between these two factors was not reliable, F ð4; 20Þ < 1. Linear contrasts performed on the high probability target trials, F ð1; 5Þ ¼ 37:76, P < 0:001, and low probability trials, F ð1; 5Þ ¼ 77:51, P < 0:001, revealed reliable effects of separation for both target types.
Separation effects again manifested themselves in this experiment. As in Bahcall and Kowler (1999) , localized interference obtained in the absence of stimulus differences signaling the to-be-attended locations at the time of target presentation. This argues against a sensorybased explanation for the localized interference observed in Experiments 1-3, and suggests that the localized interference obtained in those studies was attentional in nature. Likewise, the observation of salience effects created by a task-level manipulation argues for an attentional origin of this effect as well.
Of note was the lack of an interaction between separation and salience (as defined by the probability manipulation), an interaction that was present in the first two experiments, and which approached significance in Experiment 3. One possible explanation for this discrepancy lies in the nature of the cues used in the experiments. Experiments 1-3 used stimulus driven (or bottom-up) cues to direct attention or to manipulate stimulus salience at the possible target locations. The effect of salience differences created by these stimulusbased manipulations appeared to dissipate with separation. In Experiment 4, the timing of the cues and targets used were such that top-down selection was necessary to distinguish the potential target locations from the distractors that were identical at the time of target presentation. It is possible that salience differences applied by this type of top down mechanism are less dependent on neighborhood comparisons (e.g., Nothdurft, 1993b) , as they might be in the first three experiments. 
Visual field effects
Chelazzi, Duncan, Miller, and Desimone (1998) found that in area IT, suppressive interactions between stimulus pairs were smaller when the two stimuli are presented on either side of the vertical meridian (VM), suggesting that competition among stimuli might be stronger when they are present in the same hemifield (even if the cell's receptive field encompassed areas on both sides of the VM). To examine whether this type of visual field effect was present in our behavioral data, we collapsed across the salience conditions, and analyzed only those trials in which the target appeared at a location near the VM. Specifically, we used trials in which the target appeared in one of the four topmost locations, or one of the four bottommost locations in the display. For each of these target position we included only separations for which an attended distractor could fall either in the same or in different hemifields. For comparison purposes, we performed a similar analysis on stimuli bordering the horizontal meridian (HM), which did not appear to modulate competition in Chelazzi et al.'s (1998) study. Fig. 7 shows the data for targets and attended distractors positioned on the same or different sides of the VM for Experiments 1-4. Fig. 8 shows the corresponding data for the HM. In order to evaluate the effect of having the target and attended distractor lie on the same or different sides of the VM or HM, we performed 2 · 4 ANOVAs, with the within subjects factors of hemifield (same vs. different) and separation between the target and attended distractor.
Vertical meridian effects
For Experiment 1, the analysis for VM effects yielded a main effect of hemifield, F ð1; 5Þ ¼ 172:68, P < 0:001, a 1 It is possible that spatial control of this type of attentional salience might be under volitional control. For instance, if they had chosen, observers may have been able to more equally weight the two potential target locations when they have large spatial separations, while applying a higher weight to the more probable target location at smaller separations, producing the type of interaction between separation and relative salience observed in the first three experiments. Indeed, the data of one of the authors (JM) revealed such a pattern. However, the group data suggest that this was not the default strategy employed by the other observers in this experiment, likely because they were na€ ıve regarding the dependence of performance on separation. Thus, although the current experiment suggests that this is not the default strategy, it is possible that, if explicitly instructed to, observers might be able to adopt such a strategy. main effect of separation, F ð3; 15Þ ¼ 11:58, P < 0:001, and an interaction between hemifield and separation, F ð3; 15Þ ¼ 6:92, P < 0:005. For Experiment 2, we again observed main effects of hemifield, F ð1; 5Þ ¼ 39:83, P < 0:001, and separation, F ð3; 15Þ ¼ 5:33, P < 0:05, along with an interaction between these two factors, F ð3; 15Þ ¼ 4:55, P < 0:05. For Experiment 3, again revealed main effects of hemifield, F ð1; 5Þ ¼ 58:15, P < 0:001, and separation, F ð3; 15Þ ¼ 5:06, P < 0:05, along with an interaction between these two factors, F ð3; 15Þ ¼ 5:57, P < 0:01. Finally, for Experiment 4, the main effect of hemifield was reliable, F ð1; 5Þ ¼ 50:53, P < 0:001. The main effect of separation approached significance, F ð3; 15Þ ¼ 2:77, P < 0:08, whereas the interaction between hemifield and separation did not, F ð3; 15Þ ¼ 1:32, N.S. For all four experiments, the main effect of hemifield revealed better performance when the target and attended distractor appear on opposite sides of the vertical meridian. These data are consistent with the observations of Chelazzi et al. (1998) , and suggest that competition is stronger for objects presented on the same side of the VM.
Horizontal meridian effects
As can be seen in Fig. 8 , the effect of the HM runs counter to that of the VM. Performance is better when the target and attended distractor lie on the same side of the HM, at least in Experiments 1-3. In Experiment 1, there were main effects of hemifield, F ð1; 5Þ ¼ 7:74, P < 0:05, and of separation, F ð3; 15Þ ¼ 7:94, P < 0:005, but no interaction between these factors, F ð3; 15Þ < 1. In Experiment 2, there was a main effect of hemifield, F ð1; 5Þ ¼ 15:25, P < 0:05, a main effect of separation, F ð3; 15Þ ¼ 19:55, P < 0:001, and the interaction between these two factors approached statistical significance, F ð3; 15Þ ¼ 2:78, P < 0:08. In Experiment 3, the main effect of hemifield was marginal, F ð1; 5Þ ¼ 6:38, P < 0:06, while the main effect of separation, F ð3; 15Þ ¼ 24:72, P < 0:001, and the interaction between these two factors, F ð3; 15Þ ¼ 4:91, P < 0:05, were both reliable. For Experiment 4, there was no main effect of crossing the HM, F ð1; 5Þ < 1. The main effect of separation was reliable, F ð3; 15Þ ¼ 7:20, P < 0:005, but the interaction between hemifield and separation was not, F ð3; 15Þ < 1.
Upper vs. lower visual fields
Intriligator and Cavanagh (2001) (see also He, Cavanagh, & Intriligator, 1996) presented evidence suggesting that attentional resolution was greater in the lower visual field (LVF) compared to the upper visual field (UVF). If attentional resolution is lower in the UVF, then we might expect to observe longer range competition among stimuli in that hemifield. We examined this by binning our data according to whether the target appeared in the UVF or LVF. Fig. 9 shows this data for the four experiments. We performed a 2 · 5 ANOVA on the data from Experiments 1, 2 and 4, and a 2 · 4 ANOVA on the data from Experiment 3, with the within-subject factors of target hemifield (UVF vs. LVF) and target-distractor separation. For Experiment 1, we obtained main effects of target hemifield, F ð1; 5Þ ¼ 19:93, P < 0:01, and separation, F ð4; 20Þ ¼ 46:17, P < 0:001. The interaction between these two factors was also reliable, F ð4; 20Þ ¼ 4:74, P < 0:05. Linear trend analysis revealed reliable linear effects of separation in the UVF, F ð1; 5Þ ¼ 13:77, P < 0:001, as well as in the LVF, F ð1; 5Þ ¼ 96:58, P < 0:001. For Experiment 2, we again observed reliable main effects for target hemifield, F ð1; 5Þ ¼ 24:27, separation, F ð4; 20Þ ¼ 25:81, P < 0:001, and a reliable interaction between target hemifield and separation, F ð4; 20Þ ¼ 5:41, P < 0:005. Linear contrasts for the UVF approached significance, F ð1; 5Þ ¼ 5:13, P < 0:08, while the linear contrast for the LVF targets was reliable, F ð1; 5Þ ¼ 189:02, P < 0:001. In Experiment 3, reliable main effects for target hemifield, F ð1; 5Þ ¼ 7:44, P < 0:05, and separation, F ð4; 20Þ ¼ 32:66, P < 0:001, were observed, as was a reliable interaction between target hemifield and separation, F ð4; 20Þ ¼ 3:42, P < 0:05. Linear contrasts for the UVF targets, F ð1; 5Þ ¼ 22:41, P < 0:005, and LVF targets, F ð1; 5Þ ¼ 66:04, P < 0:001, were both reliable. For Experiment 4, target hemifield approached significance, F ð1; 5Þ ¼ 4:08, P < 0:10, while the main effect of separation was reliable, F ð4; 20Þ ¼ 19:82, P < 0:001. The interaction between these two factors was reliable, F ð4; 20Þ ¼ 2:90, P < 0:05. Linear trends were reliable for the UVF targets, F ð1; 5Þ ¼ 49:68, P < 0:001, as well as for the LVF targets, F ð1; 5Þ ¼ 90:69, P < 0:001.
As can be seen in Fig. 9 , the interaction between target hemifield and separation was due to a shallower separation function in the UVF compared to the LVF. These results are consistent with the observations of Intriligator and Cavanagh (2001) , and suggest that the attentional resolution differences they observed between the UFV and LVF may be rooted in the spatial extent of competition for selection among stimuli in the two hemifields.
General discussion
The results of the four experiments reported here lend support to competition-based models of attentional selection, such as the biased competition model of Desimone and Duncan (1995) (Desimone, 1998; Duncan, 1998) and the selective tuning model of Tsotsos (Cutzu & Tsotsos, 2003; Tsotsos et al., 1995) . As in previous studies observing localized attentional interference (e.g., Bahcall & Kowler, 1999; Caputo & Guerra, 1998; Cutzu & Tsotsos, 2003; Mounts, 2000a Mounts, , 2000b , target performance was mediated by its spatial separation from another attentionally salient item in the visual display. The current experiments extend these studies by demonstrating that the magnitude of localized attentional interference is mediated by the relative salience of the attended items. This confirms a prediction derived from competition-based models of attentional selection such as the biased competition and selective tuning models, which posit that the competition among objects is rooted in the salience of the objects. Further, Experiment 4 replicates the findings of Bahcall and Kowler (1999) , showing that this competition among spatially proximal stimuli can occur when attentional selection must be sustained through volitional control.
The results of the current experiments also speak to the ability of observers to attentionally select objects from noncontiguous locations in space. Previous research suggests that, under certain conditions, observers can select noncontiguous locations (e.g., Bichot, Cave, & Pashler, 1999; Kramer & Hahn, 1995; see Cave & Bichot, 1999 for a review). If observers were simultaneously selecting the two cued items in the current study, it suggests that the capacity to do so is mediated by separation between the items. The stimulus displays used in the first three experiments fit the conditions described by Cave and Bichot (1999) , specifically that the targets can be easily segregated from the distractors. Moreover, the results of Experiment 4 (as well as those of Bahcall & Kowler, 1999) suggest that this might occur even with volitionally selected targets.
The current data also reveal behavioral evidence for the visual field effects observed by Chelazzi et al. (1998) . Specifically, localized attentional inhibition was stronger among objects presented on the same side of the vertical meridian, and was weakened when the attended stimuli were presented to opposite hemifields. Moreover, this effect was at least as strong in Experiment 4, in which attentional selection had to be sustained through volitional control. Chelazzi, Miller, Duncan, and Desimone (2001) speculate that these VM effects may implicate the operation of higher level areas, such as the prefrontal cortex.
Finally, the current data revealed that localized attentional competition was more pronounced in the UVF than in the LVF. Intriligator and Cavanagh (2001) found similar asymmetries in attentional resolution using both tracking and item individuation tasks. They argued that this suggested that attentional selection was mediated by a visual area with an over-representation of the lower visual field. They suggest that areas in the parietal cortex, which show this LVF over-representation, are logical choices. From the perspective of competition-based attentional selection, a relative under-representation of the UVF is consistent with the finding of enhanced localized attentional inhibition in this field, as scarcer neural resources should amplify the behavioral consequences of competition among neighboring objects (e.g., McCarley et al., in press ).
